ADHESIVE SEALAjMfcMPOSrriON 



The present invention is generally related to an adhesive 
sealant composition which may be used to bond or seal 
tissue in vivo and is particularly related to a two component 
liquid adhesive composition which is mixed together as it is 
applied to tissue and then cured in vivo in order to bond 
tissue, to seal tissue to prevent or control pulmonary system 
air leaks, or to prevent tissue adhesions caused by surgery. 



BACKGROUND 

A variety of techniques have been used to bond or seal 
tissue. For example, different types of tissues have be-n 
mechanically bound or sealed with a number of procedures 
materials and methods including sutures, staples, tapes and 
bandages. In some applications, these materials are made of 
absorbable materials which are intended to bond and/or seal 
tissue as it heals and then to be absorbed over a period of 
time. r 

The common use of a medical adhesive or "tissue glue" 
has not found widespread application. To date, some adhe- 
sive materials are known which may be used to adhere or 
stick tissue such as skin. For example, cyanoacrylate adhe- 
sives such as HISTOACRYL adhesive available from B. 
Braun, Melsungen, Germany or VETBOND tissue adhesive 
available from 3M, Sl Paul, Minn, may be used to bond 
tissue. In addition to cyanoacrylate adhesives, other types of 
materials have been reported to adhere or stick to skin. For 
example, U.S. Pat No. 4,839,345 to Doi et al. reports a 
hydratcd crossiinked protein adhesive gel that is used as a 
cataplasm or cosmetic mask that will externally adhere to 
skin but can be easily removed or pulled off and then 
readhcred to the skin. Other crossiinked protein hydrogels 
have been reported to serve as a proteinaccous substrate to 
deliver therapeutic agents such as enzymes or drugs through 
skin or mucous membranes. See, for example. International 
Patent Application Scr. No. PCT/US93/073I4 filed Aug. 4 
1993. Still other materials have been used as hemostatic 
agents to stop or prevent bleeding. In particular, mixtures of 
fibrinogen and thrombin such as TTSSEEL sealant available 
from Immuno AG. Vienna, Austria or BERIPLAST-P hemo- 
static agent or sealant available from Bchringwerkc, Mar- 
burg, Germany, have been used in vascular surgery to seal 
tissue such as blood vessels and thus prevent blood leakage. 

In sum, there arc few available adhesive compositions 
that have sufficient strength. biocompaubUity and* bioab- 
sorbability as well as other desired properties that would 
allow such compositions to be readily used in current 
medical procedures or practices. The unavailability of a 
suitable tissue adhesive or sealant may be related to the 
stringent requirements that a suitable, useful tissue adhesive 
must meet. Importantly, a tissue adhesive must provide 
substantial bonding strength for either internal or external 
tissues. The adhesive should be made of a biocompau'blc 
material which does not interfere with normal healing or 
regeneration processes. A suitable tissue adhesive must also 
be easily administered in a liquid form and then rapidly 
cured, ideally in less than a minute, once applied. In addi- 
tion, a tissue adhesive must remain flexible, pliant and have 
good mechanical strength after being cured. Finally a tissue 
adhesive must be completely absorbed or broken down in 
vivo, wtthout producing an allergic response, advene tissue 
reaction or systemic toxic effects, in an acceptable time 
penod. Preferably a suitable adhesive would also be readily 
absorbed after it is applied. 
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W SUMMARY OF THE INVENTION 

ui le s than about one minute to give a strong, flexible oliant 
substanuve composition which securely bonds to me £e 
and u readdy absorbed in about four to sixty daySe" 
ably m about four to twenty-eight days. 

Prefcm ? embodiment °f *e invention, an adhesive 
secant composmon is formed from a two part mixture Tat 
a proportion of a volume of a buffered SKS 
Jurmn protem solution to a volume of a polyethyE 

S, ^umin solution £ volume 

facSL i P ^ y ;°u Ume no "K"king ■«««. In order to 
facJitate the mixing of the two parts of the present adhesive 

loZ^' VOlU ? e 10 V ° Iume rati ° ° f ^™ solution 
to crosshnking agent ii preferably a ratio of 1: 1. 

Preferred serum albumin proteins are selected to prevent 
ffSSh" -pon^S 
^ra^f^ 6 ™ is t0 bond or seal human 

S„ Sh t T" 1 3lbUmia is V*** huma » "rum 
aiournin which has been sterilized, diaiyzed with a basic 

uSr* \ PH V ? UC ° f " bout *^ 1 °- conc Ltcd by 

e th^£™ d | bif ? DC J tio . nal enwIinJdng agents include poly- 
ethylene glycol derived crosslinking agents havinY a 

000 When the molecular weight of the crosslinking agent is 
in the range of about 1.000-5.000 the crosslinking agen s 

Ln«Sv ^ S "^. ariyi wben raolec "'ar weight of the 
crosshnking agent is in the range of about 5.000-15 000 he 
crosslmkmg agent is generally dissolved VwatcTa a 
concentration in the range of about 300-800 mg/ml 
Tnc adhesive composition of this invention may be used 

h alant Com P° siti °« «o bind tissue together 
Unes^dTorS'^ 

adhesWe Z v ? In a " 0ther a PP licat:on - * e P"*<" 
adhesive may be used to prevent postsurgical adhesions In 

tfus apphcauon. the adhesive composition is applied and 

cured as a layer on surfaces of internal organs or tissues in 

order to prevent the formation of adhesions^ a surgS i" 

tissue T Additi ° nal a PP' ications J"dud?^S 

ussues to prevent or control blood or other fluid leaks at 

fr T V , J,aplC Hn " 35 wdl * 10 P«™ or control au-Teak 
in the pulmonary system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

foS°rf J , ^f R, - Ph, ' CaI re P rcscntati0 « of a measured pee! 
force of an adhesive composition of this invention. 

FIG. 2 is a graphical representation of peel force mm 
LTu«d n to° Lr rem ^ c °-P-"on samp" 'JE 
are used to adhere exc.sed guinea pig skin strips together 
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FIG. 3 is a schematic diagram of an apparatus used to 
measure burst strength of an adhesive sealant composition. 

DETAILED DESCRIPTION 

The present invention is related to an adhesive composi- 
tion which has high mechanical saen^ 
rate and sufficient adhesion needed to bond and/or seal tissue 
in^vivb. The adhesive composition is made of two compo- 
nents, a buffered basic protein solution and a bifunctional 
crosslinking agent. The buffered protein solution and the 
bifunctional crosslinking agent are typically prepared using 
commercially available materials and established synthetic 
methods. The use of known, commercially available mate- 
rials in the preparation of the adhesive composition provides 
a benefit in the practice of this invention because most of 
these materials generally have a history of clinical safety 
and/or use. 

Suitable proteins for use in the present adhesive compo- 
sition include nonimmunogenic, water soluble proteins. 
Serum lipoproteins are particularly well suited for this 
purpose because these proteins bind to lipids and also 
exhibit a relatively high elasticity in the natured or semi- 
natured state. These properties are believed to provide a 
cured matrix which is strong as well as pliant and elastic. 
Other soluble proteins, in addition to serum lipoproteins, arc 
also suitable for use in the present invention. Aqueous 
mixtures of proteins such as derivatives of elastin, fibrino- 
gen and collagen may be used in. the present invention. 

Preferred buffered protein solutions which may be used in 
the present adhesive composition include concentrated 
aqueous serum albumin protein mixtures that are buffered to 
a pH of between about 8.0-11.0 where the buffer concen- 
tration is in a range of about 0.01-0.25 molar. Suitable buffer 
systems include buffers which are physiologically and/or 
clinically acceptable such as known carbonate or phosphate 
buffer systems, provided the buffer does not adversely react 
with or otherwise alter the crosslinking agent. A preferred 
buffer system is a carbonate/bicarbonate buffer system at a 
pH value of about 9.0-10.5 at a concentration in the range 
of 0.05-0.15 molar. 

Scrum albumin protein is readily isolated from serum 
using known isolation processes. In addition, it is possible to 
produce human serum albumin from genetically trans- 
formed cells. See, for example, the reports of Quirk et al., 
Bioteclwohgy and Applied Biochemistry. 11:273-287 

(1989) , Kalman ct al., Nucleic Acids Research, 
18:6075-6081 (1990), Sleep et al.. Biotechnology. 8:42-46 

(1990) , and Sijmons et al., Biotecfvtology, 8:217-221 
(1990). The ability to produce human scrum albumin recom- 
binant! y provides the benefit that protein produced by this 
method will be free of pathogens, viruses or other contami- 
nants that might contaminate albumin that is isolated 
directly from scrum. 

When used in the present buffered mixtures it has been 
found that the scrum albumin is not denatured. Because the 
albumin is not denatured before it is used it is believed that 
the albumin proteins retain their natured, coiled conforma- 
tion and thus, after being crosslinked during the curing 
process to provide a gel-like solid, the cured adhesive retains 
sufficient flexibility to provide a suitable adhesive matrix. 

A variety of suitable crosslinking agents may be used in 
the present invention. Preferred crosslinking agents include 
a polyethylene glycol or polyoxyethylene chain portion 
(—PEG— ), an activated leaving group portion (— G) and a 
Unking moiety ( — LM — ) which binds the — PEG— portion 
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and the leaving group portion — G. Crosslinking agents 
include compounds of the formula 

G—LM— PEC-CM— G 

foi5a h ~ PEG ~ iS adindical ^Smem represented by the 
-o-iat T -o! J -o-),- 

where a is an integer from 20-300; — LM — is also a 
diradical fragment such as a carbonate diradical represented 
uy the formula. -C(O)-. a monoester diradical reDrc- 
sented by the formula. -(CH^CCO)- where b is an 
integer from 1-5, a diester diradical represented by the 
formula. -CjOMCH^-CCO)- where c is an integer 
from 2-10 and where the aliphatic portion of the radical may 
be saturated or unsaturated, a dicarbonatc represented by the 
formula -^ OJ-O^CHJ.-O-CCO)-: where d I an 
integer from 2-10. or an oligomeric diradical represented by 

the formulas — R — C(O)— , — R C(O) CCH 1 — 

C(O)-. or -R-C(0)-O-(CH^-O-CC0)- where c 
is an integer from 2-10. d is an integer from 2-10, and R is 
a polymer or copolymer having 1-10 monomeric lactide 
glycohde. tnmethylene carbonate, caprolactone or p-diox- 
anonc fragments; and — G is a leaving group such as a 
succinimidyl. maleimidyl. phthalimidyl. or alternatively 
nicrophenyl. iraidazolyl or tresyl leaving groups. 

The —PEG— portion of the crosslinking agent is pref- 
erably derived from commercially available compounds 
having a weight average molecular weight in the range of 
about .000-15.000. preferably having a weight average 
molecular weight in the range of about 2.000-4,000. These 
compounds have been used in different types of biomedical 
materials because they have been demonstrated to be non- 
toxic as well as rapidly excreted from the body when the 
molecular weight is below about 30,000. 

The leaving group, -C, portion of the crosslinking agent 
is an activated leaving group which allows the crosslinking 
agent to react or chemically bind to free primary or second- 
ary amine groups of a protein. Suitable leaving groups 
include succinimidyl. other imides such as maleimidyl and 
phthahmidyl, heterocyclic leaving groups such as imida- 
zolyl. aromatic leaving groups such as a nitrophcnyl. or 
fluonnatcd alkylsulfonc leaving groups such as tresyl 
(CF i~ C "i — SO i— °— )• A preferred leaving group is the 
succinimidyl group because studies of the mutagenicity 
oncogenicity and teratogenicity of this group suggest that' 
the small amount of this activating group which is released 
as the crosslinking reaction and/or the adhesive composition 
cures does not present a local or systemic toxicology risk. 

When used in the present composition the linking moiety. 
— LM— may be several different types of divalent com- 
pounds. For example, commercially available compounds 
having the -PEG- portion and the — G portion linked 
with a saturated dicarboxylic acid such as succinic acid to 
give a saturated diester linking moiety. Alternatively an 
unsaturated dicarboxylic acid such as fumaric. maJcic 
phihahc or tcrephthalic acid may be used to give an unsat- 
urated diester linking moiety. Alternatively, the linkine 
moiety may be a readily hydrolyzablc compounds such as 
oligomer derivatives of polylactic acid, polyglycolic acid 
polydioxanone. polytrimcthylene carbonate, or polycapro-' 
ketone as wel as copolymer, made using suitable mono- 
mers of these listed polymers. 

In another embodiment of this invention an activated 
leaving group may be attached directly to a carbonate ester 
of polyethylene glycol. In this embodiment the linking 



moiety, LM — , would be a carbonate group, — C(O)— 
between the -PEG- and -G portions of the crosslink 
agent. In still other embodiments of this invention the 
Unking moiety may be a dicarbonate such as ethylene 
carbonate which is prepared by linking the -PEG and — G 
portions with ethylene bischloroformate. 

The crosslinking agents may be prepared using known 
processes, procedures or synthetic methods such as the 
procedures reported in U.S. Pat. Nos. 4,101,380 or 4 339 
xr , ^l pn3Ccdure rc P° rted in International Application Ser' 
No. PCWS9Q/02133 filed Apr. 1 9( 1990 orSe pn£te 

7- 75-186 (1984). Briefly, polyethylene glycol and a suit! 
able acid anhydride are dissolved in a suitable polar organic 
solvent m the presence of base and refluxed for a period of 
time sufficient to form a polyethylene glycol diester diacid 
The ouster diacid is then reacted with a leaving group such ' 
as an N-hydroxy imidc compound in a suitable polar organic ; 
solvent in the presence of dicyciohexylcarbodiimide or other : 
condensing agents and stirred at room temperature to form 1 
the desired bifunctionaj crosslinking agent. 

Alternatively, polyethylene glycol and a suitable dicar- ' 
poxylic aad chJoridc or bischloroformate may be dissolved 
ma suitable polar organic solvent for a period of time 
sufficient to form the mixed acid chloride polyethylene 
glycol ester or mixed chloroformatc polyethylene glycol 
ester. The mixed esters may then be reacted with a com- 
pound such as an N-hydroxy imide compound in a suitable 
polar organic solvent and stirred at an elevated temperature 
for a period of time sufficient to form the desired bifunc- 
tional crosslinking agent. 

It has also been found that the cure time of the present 
adhesive compositions may be tailored by use of buffers 
having different pH values. For example, by varying the pH 
of the buffer it is possible to change the cure rate time from 
about 10 seconds to less than about 10 minutes Briefly 
mixing concentrated aqueous serum albumin and crosslink' 
mg agent mixtures with higher concentrations of buffer 
provides the fastest cure times. It has also been found that 
higher concentrations of protein and crosslinking agent : 
provide a relatively stronger, cured matrix. However if the ' 
mixtures arc too concentrated and viscosity becomes too 
great, these adhesive compositions are not as readily applied • 
or may provide adhesives with undesired properties For : 
example, mixtures which are too viscous may not be readily : 
applied using available applicators such as syringes or spray ' 
apparatus. In addition, if the concentration of crosslinking : 
agent is too high, the resulting cured adhesive matrix may 
swell to such an extent that the strength of the matrix in the 
presence of water or other fluids is lowered. Further ability ; 
to adequately mix the two components using injecting 
and/or spraying apparatus may be reduced. 

The two component adhesive composition of the present 
invention may be applied to tissue in a number of different 
ways For example, the adhesive may be quickly mixed 
together and then applied using common applicators Alter- 
natively the two components may be mixed together and 
then applied as spray. In another application method, the two 
parts of the adhesive arc added to a dual syringe The two 
barrels of the syringe arc attached to a " Y" connect which is 
fitted to a spiral mixer nozzle. As the two components are 
pressed out of the syringe, they are mixed in the nozzle and 
may be directly applied to the tissue as needed in a relatively 
uniform, controlled manner. Alternatively, a spray nozzle 
up. such as a TISSEEL spay tip sold by IrLuno AG 
Vienna, Austria for use with a two-component fibrin scalani 
kit. may be used in place of the spiral mixer nozzle. In this 
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application, a fice spray of th- 
deposited on tissue asY/ ? , eom P<»'"<ion is 

depressed. ' P ' UngErs of ,he fringe arc 

use^tvS«v' I o m r iti0n °' prCSCnt ™«*°n may be 

as elinunaa L ITteT* CUnWt practices 35 we » 

or free A™* ^. ■ S ™ s 311(1 10 P° s ^on tissue flaps 

or tree flaps dunng reconstructive surecrv In still fl „„rS! 

simply presents a lubricous gel which wi I £. ,ET ^ • 



EXAMPLES 

iUu^^r''^ eXampI " « imende d » Scribe and 

sSdSSSir* ,nvention wwch is dcfined * *« 

TT>e following procedures were used to prepare several 
Afferent types of Afunctional crosslinking araTS 

above ,I01,38 ° " ul Abu chowski et aL. cited 

Example 1 

Synthesis Of Polyethylene Glycol Disuccinimidyl Succinate 

pIymtZ^' PEC ;} 5 ° * Chemical Com- 
wdL GPcll^t S °' d " 3l40 ° avera 8 e mo '^'ar 

anhydride (14 7 ,„T f !. ( ml) contauun S s^cinic 

fitaS,^ U " d£r mtr0gen for After 

mixture was thZ, fii, .. i./ (5 ° g) for 30 """"M- The 
nurture was men filtered and the DowexTM <;n u,,. . u 
with IKH/.I- /<n _i . . _ uuw " jU was washed 
with water (50 ml lx). The combined filtrate was washed 

«en extracted from the water phase with two 100 



^de (DCQ were dissolved O^S^'Sed 
drcpw,s e to a. above solution with conctaSVfi g^e 
mature was left at room temperature for 24 ££«2 : 
Altered. 100 ml of toluene were added to the fitaJTSlfc 1 
soluuon was placed in an ice bath. The desired pXSet ' 
glycol dtsuccinimidyl succinate product. PEG ss 2 w « : 
preepcated by slowly adding petroleum e her TWecS ' 
tate was collected on a 10-20 micron sintered glasf/uer : 
Dssolut.on ,„ toluene and precipitation with^t 
ether was repeated three limes. Th e PEG-SS2 was S er ! 
purified by dissolving in 100 ml of 0.1M pH 2 2 cW ' 

f OnmT^ , PE G-SS2 was extracted with chloroform ! 

P essure f S ° 1VeM W3S e W ""der redS 
pressure ,n a rotary evaporator. The PEG-SS2 was then 
d« owed ,n toluene and precipitated with petSeum "it 

Example 2 

Sfp^^ 

S f ™ m S , hea ™ tt ' P<"ymcn. Inc.. Huntsville. a£ 
(3 |) aod N-hydroxysuccinimide purchased from S oma 

of anhydrous DMF with mechanical stirring under nitron 
The solution was cooled to 0° C and a solution of dfcff 

8 W3S COnt,nUed in 11,6 coU ftf 3 hours then 
at room temperature overnight (16 to). DicydobcSttS 
which prectpttatcd was removed by filtradoa Toluene nm 
ml) was added to the filtrate and coiled *Tc tES$£ 
was then precipitated by addition of petroleum eto S 
precpuate was collected on a simeredWXer Di Ju 
eoeatcd ^ "^P**" ** P^Ieum e Ser w« 

Example 3 

uien cooled to room temperature. 17 g of glycolide n?n,h 

for 16 houn f Th CUOn 7™* W " rcnuxed und « 
lor 16 hours. The copolymer reacuon mixture was fiWrf 

hot to remove polyglyco.ide homopolyme^^ 




Jolution was f,n^ ? - g ° f SUCcinyl chloride - fhc 

toluene and ^„~^ •. ■ punfied b * ^dissolving in 
SnS Tte fi^?? P '- taUng with P etraIeum «h« several 
stored fa, ^ prec, P ,cat£ *« <Wed under vacuum and 

^ V'SS^"^ * - 

Example 4 

Sy J£$!$r$? G'/coI-dimaleimidyl Succinate 

under mtrogen . ^ atam waj y s umf 

mechanical sumng and cooled to 0° C. A soluuon of 1 82 , 
wue tc .the flask. The reaction was allowed to mix ovemieht 

"? Wptefan with petroSm eS er 

=KE2 ftS in^r du « - 

Example 5 

'Wl?,^? ' G i^ di P^midy. Succinate 

under nitrogen. The mixture was dissolved at 60" C wi^ 
mechanical sumng and cooled to 0° C. A solution of i 82 * 

wise to the flask. The reaction was allowed to mix ovemieht 

s£rr«Ksr "tt* MASS'S 

under vacuum and ,X B ? d S!' B ^ *" 

Example 6 
Preparation of Two Component Adhesive 
The followmg procedure was used to orcoars a tvm 

Iff ? * '** "'""""l ta » ' poKtbln 

S^S wcl^s ct^ b ° VinC gClatin ' - 
good adhcs.vc strength and a relatively rapid™, rate 




TABLE 1 



ftotcin 



BLfuacdoaal 
Crosslink! ng agent 



Fish Celada 
Lot 23H0307 ' 
Sign* 

40% 0.1 M pH 10 
Carb/Dicarb 
fish Cclarin 
Lot 23H0307 
Sigma 

40% 0.1 M pH 10 
Cirb/Bicarb 
Fish Gelann 
Ut 23H0307 
Sigma 

40% 0.1 M pH 10 
Carb/Bicaib 
Fish Gelarin 
L«23H0307 
Sigma 

<0*0.1MpH 10 
Carb/Bicarb 
Gelatin Bovine 
Sjdn Lot 53H0271 
Sigma 

40% 0.1 M pH 10 
Carb/Bicarb 
Cclarin Bovine 
Sbn Lot 53H0271 
Sigma 

40% 0.1 M pH 10 
Carb/Bicarb 
Cclarin Bovine 
Skin Lot 53H0271 
Sigma 

40% 0.1 M pH 10 
Cirb/Bicarb 
Cclarin Bovine 
Skin Lot 53H0271 
Sigma 

40% 0.1 M pH 10 

Carb/Bicarb 

Casein 

PH 9.4 H6% 

Carb/Bicarb 

Poly-L-lysine 

50 mg/ml H z O 

300,000 mw 

Carb/Bicarb 

Poly-L-Lysinc 

50 mg/ml H,0 

300,000 mw 

Carb/Bicarb 

PoIy-ULytioe 

50 mg/ml H 2 0 

300,000 mw 

Carb/Bicarb 

PoIyL-Lyn'ne 

50 mg/ml HjO 

300.000 mw 

Carb/Bicarb 

Chicken Egg Albumin 

40% 0.08 M pH 10 

Carb/Bicarb 

Rabbit Scrum Albumin 

(RSA) Sigma 

Lot 19F9301 

40% 0.1 MpH 10 

Carb/Bicarb 

Human Scrum Albumin 

(HSA) Sigma 

Lat63H9041 

40% 0,1 M pH 10 

Carb/Bicarb 

HSA 

Sigma 



Cure 

Time Consistency 



130 mg/ml 
PEG-SS2 3400 mw 



260 mg/ml 
PEC-SS2 3400 mw 



130 mg/ml 

PEG-SS2 10,000 mw 



260 mg/ml 
PEG-SS2 10.000 mw 



130 mg/ml 
PEG-SS2 3400 mw 



260 mg/ml 
PEG-SS2 3400 mw 



130 mg/ml 

PEG-SS2 10,000 mw 



260 mg/ml 
PEG-SS2 10.000 mw 



130 mg/ml 
PEG-SS2 3400 mw 

130 mg/ml 
PEG-SS2 34O0 mw 



260 mg/ml 
PEG-SS2 3400 mw 



130 mg/ml 

PEG-SS2 10.000 mw 



260 mg/ml 
PEG-SS2 10.000 mw 



130 mg/ml 
PEG-SS2 3400 mw 

130 mg/ml 
PEG-SS2 3400 mw 



130 mg/ml 
PEC-SS2 3400 mw 



130 mg/ml 
PEG-SS2 3400 mw 



40 sec Strong gel. very 
elastic, slightly 
sticky 



40 sec Strong gei, very 
elastic, slightly 
sticky 



120 sec Soft gel. very 
sticky 



HO sec Soft gel to 
elastic, 
moderately 
sticky 

40 sec Soft gel, not 
elastic 



40 sec Soft gel. not 
elastic 



40 sec Soft gel. not 
elasde 



120 sec Soft gel, not 
elasde 



40 sec Strong gel, 

elasde, not sricky 

20 sec Wajty, ao 

adhesive strength 

15 sec Waxy, no 

adhesive strength 

10 sec Waxy, no 

adhesive strength 



10 sec Waxy, no 

adhesive strength 



210 sec soft, tacky 



20 sec Very elasde. 
good adhesive 
strength, not 
sdeky 

20 sec Very elastic, 
good adhesive 
itrengih, not 
ideky 

20 sec Very elasde. 
good adhesive 
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TABLE I -continued 



Protein 



Bi functional 
Cronlmiring agent 



Cur: 

Time Consistency 



Lot 63H9041 

40% 0.1 M pH 3.44 

Carb/Bicarb 

HSA 

Sigma 

Lot 63H904I 

40ft 0.1 M pH 8.44 

Cart/Bicarb 

HSA 

Sigma 

Lot 63H9041 

40% 0.1 MpH 3.44 

Carb/Bicarb 

HSA 

Sigma 

Loi 63H9041 

40% 0.1 M pH 3.44 

Carb/Bicarb 

HSA 

Baxter Healthcare 
Corp. 

Lot 2837A238AA 

Carb/Bicarb 

HSA 

Baxter 

Loi 2837A23SAA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2S37A238AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2337A238AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2337A233AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2837A238AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2337A238AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2S37A238AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2837A23SAA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2337A238AA 

Carb/Bicarb 

HSA 

Baxter 

Lot 2837A233AA 

Carb/Btcarb 

HSA 

Baxter 

Lot 2837A23SAA 
Carb/Bicarb 



260 mg/m] 
PEG-SS2 3400 mw 



130 mg/ml 

PEC-SS2 10,000 mw 



260 mg/ml 
PEC-SS2 10,000 mw 



130 mg/ml 
PEG-dimaicimidyl 
succinate 
Example 4 

130 mg/ml 
PEG-diphthalimidyl 
succinate 
Example 5 
130 mg/ml 
PEG-dicaboxymethyl 
disuccinimidyl 
Example 2 
130 mg/ml 
' PEG-dioliglycolidc 
tfsucdnimidyl succinate 
Example 3 
130 mg/ml 
PEC-diiuccinimidyl 
propionate 
PEG(SPA)2 
260 mg/ml 
PEG-disucrinimidyl 
propionate 
PEG(SPA)2 " 
130 mg/ml 
PEG-dioxycarbonyl 
imidazole 
PEG(CDI)2 
130 mg/ml 
PEG*dinitrophenyI 
carbonate 
PEG(NPQ2 
260 mg/ml 
PEG-ditiitrcphcnyl 
carbonate 
PEG(NPQ2 
130 mg/ml 
PEG-ditresylaie 
PEG(trci)2 

130 mg/ml 

PEG-diglycidyl ether 
PEG(epoj()2 

130 m;/ml 

PEG-dialdchydc 

PEG(ald)2 



strength, not 
sticky 

10 sec Very clastic, 
good adhesive 
strength, not 
sticky 

30 sec Very elastic, 
slight adhesive 
sorogth, very 
sticky 

25 sec Very elastic, 
slight adhesive 
strength, very 
sticky 

20 sec Turned brown 
upoQ curing, 
hard gel, not 
sticky 

10 sec Turned red upon 
curing, hard gel. 
not sticky 

8 see Hard gel. not 
sticky, no color 
change 

40 sec Hard gel. not 
sticky, oo color 
cbaoge 

30 sec Hard gel. not 
sticky, no color 
change 

40 sec Hard get. not 
sticky, no color 
change 

48. hn Hard gc!. not 
(cure) sticky, no color 
change 

140 sec Hard gel. not 
sticky, changed 
(o bright yellow 
color 

140 sec Hard gel. not 
sticky, changed 
to bright yellow 
color 
8 hn Hard gel, ooi 
(viscous) sticky, no color 
24 hn change 
(cure) 

72 hn Hard gel. not 
(cure) sticky, no color 
change 

no cure Liquid 



• 
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. Example 7 
Effect of Buffer and pH 

Two component adhesives were prepared according to the 
process described in Example 6 except that the pH of the 
buffer in the protein solution was changed as listed in Table 
2. The data indicate that a preferred pH range is about 
8.44-10,0. 



TABLE 2 



Protein 



Crosslinidng 

agent Cure 

PEG-SS2 Time Consistency 



HSA 
Baxter 

Lot 2337A238AA 

4O*0.LMpH 7.4 

Carb/Bicarb 

HSA 

Sigma 

Lot 63H904I 

40% 0.1 M pH 144 

Carb/Bicarb 

HSA 

Sigma 

Lot 63H9041 

40% 0.15 M pH 9.07 

Orb/Bicarb 

HSA 

Sigma 

Lot 63H9041 

40% 0.2 M pH 9.52 

Carb/Bicarb 

HSA 

Sigma 

Lot 63H9041 

40% 0.2 M pH 9.52 

Orb/Bicarb 

HSA 

Sigma 

Lot 63H9041 

40% 0.2 M pH 9.52 

Carb/Bicarb 

HSA 

Sigma 

Lot 63H9041 

40% 0.2 M pH 9.52 

Carb/Bicarb 

HSA 

Baxter 

Lot 2837A238AA 

40% 0.1 M pH 10 

Carb/Btcarb 

HSA 

Sigma 

Lot 63H9041 
40% 0.1 MpH 10 
Carb/Bicarb 



130 mg/ml 
3400 mw 



130 mg/ml 
3400 mw 



130 mg/ml 
3400 mw 



130 mg/ml 
3400 mw 



260 mg/ml 
3400 mw 



130 mg/ml 
10,000 mw 



260 mg/ml 
10.000 mw 



130 mg/ml 
3-100 mw 



130 mg/ml 
3400 mw 



10 min Initially wftcr 

adhesive, hardens 
with agiag 

20 sec Very elastic good 
adhesive strength, 
not sticky 



10 sec Hard gel, not sticky 



5 sec Hard gel, not sticky 



5 sec Hard gel, not sticky 



7 sec Elastic to hard gel. 
slightly idclcy 



7 sec Elastic to bard geL 
slightly sdeky 



25 sec Very elastic, net 
sticky 



25 sec Very elastic, not 
sticky 



mw - weight average molecular weight 



Example 8 

Effect of* Crossiinking Agent on Adhesive Strength 

A 30% HSA (Human Serum Albumin) solution from 
Sigma Chemical Co. and a 25% HSA solution from Baxter 
Healthcare, Inc. were dialyzed against 0.1M carbonate/ 
bicarbonate pH 10 buffer at 4° C overnight and concentrated 
to about 40% by ultra- filtration through a 50,000 molecular 
weight cut-off cellulose ester disc membrane (Spectrum 
Medical Industries. Inc.) in a pressure filtration ceil under 
nitrogen at 60 psig. The final concentration was calculated : 
based on the volume of collected filtrate. The maximum 
concentration obtained under these conditions during over- 
night ultra- filtration was typically 42^45%. The RSA (Rab- 
bit Scrum Albumin) from Sigma and RSA crystallized 
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protein from ICN Biomedical. Ioc were dissolve :,„,», 
pHIOcarbonate^icarbor.te buffer :«J££2£"J5S! 

by the same method used for HSA. 
Various concentrations of PEG-SS? n Ann _ 

and crossl.nkmg agent solutions were delivered in equal 
voiume us«ng a 1 ml dual syringe . The syringe tips were 
S W ™^ neCt0r which «>^d to a sJecSly 

5 S2Sw2 1 f" 0r Jr* iwo a in -*° y 

. cmxo.475 em) dia. spiral mixer nozzle HTah Tn*„ 
tnes. Inc.. Robbinsville. NJ . part no iSSlllS^ 
sivem^ ^ ^ ^nStSSJiSt 
test substrate for adhesion testing 

nnS 5 ^ " CiS ? SUI ' nCa Pig skin was cut ^ps and a 

SS? • } Wasplaced on «» «d of the strip to contain 
due 8 w < r SPCCl i iC re u 8i ° n - Up ° n "» wind ° w «S 

SM% J^i ? Wlth an ° thcr Strip of « uin " ^ A 
«0 g steel weight was placed on top of this assembly for 
about one minute. The sample was peeled apart in the jaws 
of i computer controlled mechanical testing machine (8 M 
Material Test System. MTS System, foe! Minneapolis 
Minn) set at a strain rate of 0.8 in7min. (2 cm/m^) " S a 
gage length of I fa. (2.54 cm) and a 5 lbs. W?StaSn 
Peel force was recorded after the initiation of adhesive 

fa toTT fon ? require 10 C00Iinuc - 

2^i?-," i rephcates were Po*«ned for each 
test condition. Toe results of this test are listed fa FIG Z. 

Example 9 

Measurement of Adhesive Sealant Burst Strength 

ta i P ,T? Z ^ 0n aSSCmbly iIlustrated » n G. 3 was used 

It t Jl , U,St,n8 f- tre 1 8th ° f materials «*<» » «« "an- 
hoI< ? °r sl " s W membranes. This assembly 
ncluded an aluminum pressure vessel (1) having a 35 Z 
ms.de danetcr fitted with a millivolt output type pr«s™ 

Omega Engineering. Inc.. Stamford. Conn.) and a pressure 
mle port (3). To perform a test, about a 5 mm diam£!£ 

SThotf ,h 4 P ' eCe , 0f °- 4 ^ ^ TCFL0N a" 
toe hole in the membrane centered in a larger (14 mm 

diameter) hole fa the TEFLON film. The TEFLON mm wa™ 

^en placed on a flat surface with the membrane sidelwn 

and adhesive sealant test material was applied to fill the hole 

.n Ae film. A solid TEFLON block wasln quickly p,£ ed 

over the sealant prior to cure , 0 that the TEFLON film 

served as a spacer to create a layer of sealant exactly 0.4 mm 

0»clc After the desired cure time elapsed, the TEFLON 

X Z' nVC - ed 1 Md membrane was care ^"y Pcdcd 
m the membrane. The test membrane with sealed defect was 
then mounted onto the open end of the pressure vessel (7) by 
placing a between two rubber washers (3) and then between 
wo metal washers (9). An air tight seal was obttS d by 
c ewu,g the threaded cover (10) onto the matching threadi 

i s m! • m d,aDCtcr which ' in combination with the 

su££ ^ amCtCr W1Shea provided 1 fixed mem °™ 
surrace area for pressure testing. 

Two types of membranes were used, cither a coltaecn 
membrane or a freshly excised porcine pericardium sampk 

icIv^^n C h PCnC T llUm f Sample WM dthcr uscd ir- 
ately upon harvest or after storage in a moisture- woof 

container at 4- C. for no longer than 24 hour,. Und cr £ 



conditions there wi« a- -u, 

per second using a S vrin» "IV* 0M Cubic centim «« 
351. Orion *2£Fgtt^ 1m «°»' Model 
connected to a digiS S i ™ preaure w 
DP205-S, Omcga^Sf " 8e " eter (0ine «« Modcl 
pressure (ram L^S? fifr"''? '° 
value at the time of adh«W sealant nl preSSure 
gave reproducible peak ™«?,~ ? PWre - Re P Iicate tes * 

substantial relation J ZV^L ^ 
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The same process was repeated for additional 25% HSA 
solutions by diaiyzing against 0.08M carbonate/bicarbonate 
buffers at pH 9 and pH 8. A pH 7 solution of HSA was 
obtained by concentration of the original 25ft HSA solution 
to 40% by ultrafiltration. The crosstinking agent solution 
PEG-SS2 (3400 mw) was 130 rag dissolved in one ml 
dcionized water. TTic albumin and crossing agent solu- 
tions were delivered in equal volume using a one ml dual 
synnge as in Example 8. The pressure tests were performed 
as above using collagen membrane except that the sealant 
hydrogcl was aged before testing. The results are also listed 
in Table 4. These data demonstrate that optimal pressure test 
values arc achieved faster with increasing pH of the albumin 
solution. Moreover, the resultant cured sealant obtained after 
complete curing has taken place is unexpectedly higher with 
higher pH of the albumin soluu'on. 

TABLE 3 

Tissue Tissue Ooem„ 



Collagen 

Collagen 

Collagen 

CoUagen 

Pontine 

Pericardium 

Porcine 

Pericardium 

Porcine 

Pericardium 

Porcine 

Pericardium 



5 mm slit 
4.56 mm di 
5 mm lift 
4.56 mm di 

5 mm slit 

4.56 mm di; 

5 mm slii 



Adhesive 
Composition 


Bum 
Pressure 
(mm Hg) 


HSA:PEC-SS2 


150 


HSA:PEG-SS2 


112 


RSA:PEC-SS2 


130 


RSA:PEG-SS2 


125 


HSA.PEG.SS2 


155 


HSA;PEG-SS2 


130 


R5A:PEC.SS2 


125 


RSA:PECSS2 


130 



TABLE 4 



RsT 40% 0 08 I r SS^S 1 USCT ia S * M Ut ««7a32SAA 
WA " pcr%« C ^ ,Cart, , Buffcf ia SlliQC Ut «2.451-0050 INC 
PEG-SS2; 3400 mw lot #103128-110 (130 mtfml) 
Defect: 4.56 mm hole 
Air Flow Rate: I cc/j 



Protein 
HSA pH 10 



Crosstinkcr Membrane 



Pressure 
(mm Hg) 

Ave Stdev Commenis 



PEC-SS2 Collagen 

Pericardium 

UPl L1 Pericardium 

HSA pH 10 PEG-SS2 CoUagen 

HSApH9 PEC-SS2 Collagen 

HSApHS PEC-SS2 Collagen 

HSApH7 PEG-SS2 CoUagcn 

RSA pH 10 PEG-SS2 Collagen 

Pericardium 

_. . _ Pericardium 

Fish Celarin pH 10 PEG-SS2 Collaien 
40* * 
(Sigma) 



U9 9 
154 4 
196 5 
144 
135 
162 
103 
114 
116 
36 
78 
90 
30 
52 

134 5 
126 10 
194 9 



Mo bubbles 
5 min after curing 
10 min after curing 
5 min aficr curing 
10 min after curing 
20 min after curing 
5 min after curing 
10 min after curing 
20 min after curing 
5 min after curing 
10 min after curing 
20 min after curing 
10 min after curing 
20 min after curing 
No bubbles 
5 min after curing 
10 min after curing 
10 min after curing 
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TABLE 4-continucd 



Defect: 4.56 aim hole 
Air Row Rate: 1 cc/i 



Protein 



CrassUnkcr Membrane 



Pressure 

_ (mm Hif) 

Ave Stdev Comment! 



Chicken Egg 
AJbumin pH 10 
40% 
(Sigma) 
Hbria Clue 
(BERIPLA5T-P) 
Used according to 
mfg. tnimicaons 



Bovine fibrinogen 

pH 10 

15* 

(Sigma) 



PEG-SS2 Collagen 



Pericardium 



PEG-SS2 Collagen 



14 
151 



39 



3 10 min after caring 
3 45 min after curing 

2 5 aria after curing 
with saline, glue 
slid off easily 

2 5 nao after caring 
without saline, 
leaked underneath 

2 5 mi a after curing 

2 60 min after 
curing, glue slid 
off easily 



Example 10 

for^ n an " theU ' Z - d ?'' 8 W3S used 25 M «P«ifl*ntij model 
for thonwc surg:cal complications such as staple l« e i ca fc, 

las and other conations resulting in pneumothorax 

The two component adhesive included Part A. a 40% USA 
prepared by dialysis of commercially available HSA f25% 
Soluuon, BUM1NATE 25%. Baxir Healthcare £ 

2£^ ^"T G ' CBdale> CaJif) ° °8M PH 10 

^"/bicarbonate buffer followed by concentric" to 
40% by ultraSltration at 50 psi using a 50.000 molecui* 
weight cut-off cellulose ester disc membrane andTart a a 
sSlSn S °J m,0n ° f 3,400 m - WL PEG - SS2 «««olved in • 
The PRC WatW n °u m0re *" 30 minutes P** <° «c 
1 WM Jynthes,Md Md « described in ! 

Hi ■ WfUCb resultc<1 fa "'Snificant air leakaj 

during aapanon as evidenced by bubbling of air throueh 
ur,gat,on fluid administered to the site. The wound was 
blotted w.th gauze to remove blood and fluid. The respirator 
was turned off and the adhesive was applied as S 

EEL' I!* 1 x?T ge <Bd " fa « p AOTAJECT syrfogT 
Belmngwerke Marburg. Germany) equipped with a ,pi£ 

SSd^ff 8 20 SCC ° nd m '-Ventilation^ 

sss'sas ir eovcred 

A functional end-to-end anastomosis in pig intestine was 
coaduct« usinj ;a standard stapling procedure TnSjvc 
material described above was applied to the »upte £7 
This resulted in a clear, adherent hydrogel coating whS 
appeared to seal thc anastomotic line g 
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motic line, not scaled we« no^ghf ^ ^ 
Example 11 

Co ° pom " Adtai » » p».-s™n=i 

™ J ** <*"> •**» •' torn™ 

,n, P °fo ' SU ?^ al adhesion P rev «tion evaluation of this seal- 
ant fonnulauoo was initialed in a »,■„ J , / , 

adhc ,oos present on the abdominal vXk»S?Z£ 
re ults arc Jn0 wn in Table 5. The rating 'syTtem usl! 0 
obtain these scores is shown in Table 6. ^though lechrical 
S22 d T CnC -r Cred * notcd in Tabic 5 te« 
p« enln o?X- " " nMpeCted bencfit «■ both the 
wiwoul the presence of a known active ingredient. 
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TABLE 5 

_ Icorta^ of Adhesions Fanned in Material Emlnmian 
- OanccriMfe 



Typo 



Tenacity 



Control 



Tnaom Comrol Tnacroent 



BAMS 
BAM 9 
BAM 10 

bam u 

BAM 12 

bam 13 

BAM 14 
BAM 15 
BAM 16 
BAM 17 



2 
3 

0* 

0« 

4 

2 

!• 

1 

1 

1 

U 



0*. 
I 



0* 
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0* 

1 

2 

0 

3 

2 

0 

0" 

0- 

0« 

oi 



♦ Fada (too** «to perf«*«« od awda faya. 



TABLE 6 



AdhainSara 



Extent (%rfdewtflfa^ » 



<25 
350 
S7J 
>75 

Mm 

gay. *> rntU (caapTO) , 
yqBt.iBmwliOrmf 1ICBBt ) ' 



0 
1 
2 
3 
4 



Adbedon tncotfaOr &« watt 
fteimt Iy«td with swfaa 

I ratptfrtd rfurp dUiccdoa ftr lyrf» 



